as fluid flow, chemical reactions, or stellar dynamos fascinates many
people.

We can hope that recent advances in the qualitative theory of differ-
ential equations with the ideas of strange attractors, the abstract math-
ematics of fractals, and the use of super computers will lead to progress.
We also look forward to new mathematical ideas to help in understand-
ing the Navier-Stokes equations, both for fundamental reasons and also
because of their technological importance.

Transonic Flow and Shock Waves

An example of the profound interaction of mathematics and practi-
cal technology can be found in the development of methods, stimulated
by the needs of aircraft designers, to calculate transonic flows. In practi-
cal terms, one models supersonic flight and shock waves. The approach
depends for background on studies of partial differential equations by
Tricomi in the 1920s, followed by the theoretical analysis of the numeri-
cal solutions to elliptic and hyperbolic differential equations by Courant,
Priedrichs, Lewy, and others. Extension of their work produced good un-
derstanding of the basic physical ideas of transonic flow, but progress
was limited by the inability to calculate.

It had long been known, however, that incompressible flow the-
ory does not explain the phenomena of high speed-gas flow; rather one
must use the partial differential equations of compressible gas dynamics.
These equations are locally elliptic for subsonic flow and locally hyper-
bolic for supersonic flow; in both cases they are strikingly nonlinear.

When viscous effects are present, one must study the full nonlinear
equations of Navier and Stokes, as well as other, more detailed models.
Other viscous effects are confined to thin layers outside of which the
fluid can be treated as inviscid. One major advance in modern applied
mathematics is the theory of boundary layers, a brilliant invention in
1904 by Prandtl. He simplified the effects of viscosity without sacrificing
the essential features of the flow model. The mathematical development
of boundary layer theory has had profound effects in many branches of
pure and applied science and enables us to corne to grips with numerous
phenomena in which the effects of viscosity (or other similar phenomena)
are essentially restricted to well-defined regions. Indeed the study of
transition effects in thin layers influences entire areas of engineering.
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